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Space Technology 

•  Space Technology is a budget line in the FY11 and FY12 President’s 
request for NASA 
–  Consists of 10 technology development and innovation programs that are 

broadly applicable to the Agency’s aeronautics, science and exploration enterprises 

–  Managed by Office of the Chief Technologist (OCT) 

•  OCT has chosen to manage these 10 programs through the formation  
of 3 Divisions 
–  Early Stage Innovation 

–  Game Changing Technology 

–  Crosscutting Capability Demonstrations 

•  Space Technology builds on the success of NASA’s Innovative 
Partnerships Program (IPP) 
–  In FY11, IPP is integrated into Office of the Chief Technologist and the IPP budget is 

integrated into the Space Technology Program 

•  Formulation of the Space Technology program is complete 
–  Formally approved by the NASA Administrator at July 29, 2010 Acquisition Strategy 

Planning meeting 
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Office of the Chief Technologist Organization 
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Space Technology: A Different Approach 

•  Strategic Guidance 
–  Agency Strategic Plan 
–  Grand challenges 
–  Technology roadmaps 

•  Full spectrum of technology programs that provide an infusion path to 
advance innovative ideas from concept to flight 

•  Competitive peer-review and selection 
–  Competition of ideas building an open community of innovators for the Nation 

•  Projectized approach to technology development 
–  Defined start and end dates 
–  Project Managers with full authority and responsibility 
–  Project focus in selected set of strategically defined capability areas 

•  Overarching goal is to re-position NASA on the cutting-edge 
–  Technical rigor 
–  Pushing the boundaries 
–  Take informed risk; when we fail, fail fast and learn in the process  
–  Seek disruptive innovation 
–  Foster an emerging commercial space industry 
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Space Technology: A Different Approach 
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Prove feasibility of novel, early-stage 
ideas with potential to revolutionize 
a future NASA mission and/or fulfill 
national need. 

Mature crosscutting capabilities 
that advance multiple future space 
missions to flight readiness status  
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Proposed FY 2012 Space Technology Budget 

•  In FY 2012, Space Technology is proposed at approx. 
5% of the President’s $18.7B request for NASA. 

•  The $1024M for Space Technology in FY 2012 includes: 
-  The SBIR/STTR program and related technology transfer 

and commercialization activities ($284M) funded in FY 
2010 through NASA’s Innovative Partnership Program 

-  Movement of a majority of the Exploration Technology 
Development and Demonstration activities ($310M) from 
the Exploration Systems Mission Directorate 

-  The Crosscutting technology development activities   
($430M) proposed as part of the President’s FY 2011 
request. 

•  All of the Space Technology programs have been 
carefully formulated over the past year, and have deep 
roots in technology development approaches NASA has 
pursued in previous years.  

•  The FY 2012 request for Space Technology provides a 
modest increase above the level projected in the NASA 
Authorization Act of 2010, consistent with the 
Administration’s priority on federal investments in 
research, technology and innovation across the Nation.  
-  The FY2012 request for Space Technology compares with 

approximately $800 million projected for these  same 
activities in 2012 in the NASA Authorization Act of 2010 
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NASA Technology Integration Governance 

NASA Technology Executive Council 
•  The NASA Technology Executive Council (NTEC) is organized and chaired by the NASA 

Office of the Chief Technologist.  
•  Council membership includes the Mission Directorate AAs (or their designees), and the 

NASA Chief Engineer (or designee).   
•  The function of NTEC is to perform Agency-level technology integration, coordination and 

strategic planning 
•  6 Meetings completed 

Center Technology Council 
•  The Center Technology Council (CTC) is organized and chaired by the NASA Office of 

the Chief Technologist. 
•  Council membership includes the Center Chief Technologist (CCT) from each NASA 

Center, and a representative from OCE. 
•  The CTC will focus upon institutionally funded activities and development of OCT 

programs. 
•  9 Meetings completed 
•  Center CTs: 

-  John Hines (ARC)   -  David Voracek (DFRC)  -  Howard Ross (GRC) 
-  Peter Hughes (GSFC)  -  Jonas Zmuidzinas (JPL)  -  John Saiz (JSC) 
-  Karen Thompson (KSC)  -  Rich Antcliff (LaRC)   -  Andrew Keys (MSFC) 
-  Ramona Travis (SSC)  

Governance model approved in May 2010 
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Space Technology Drivers  
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Strategic 
Guidance: 
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Space Technology Grand Challenges 

9 

http://www.nasa.gov/offices/oct/strategic_integration/grand_challenges_detail.html 

A set of important  
space-related problems  
that must be solved  
to efficiently  
and economically  
achieve our missions. 

The Grand Challenges 
and ST Roadmaps 
will be used to 
prioritize the technology 
portfolio with an eye 
towards NASA’s future 
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NASA Space Technology Roadmap Motivation 

•  Historically NASA contributed significantly to the advancement of 
technologies to meet both NASA missions and fuel the Nation’s high tech 
economy 

•  More recently, funding and strategic guidance for NASA technology 
programs over the past two decades have endured repeated change 
cycles 

•  In Order for NASA to more effectively and efficiently develop space 
technologies moving forward, it is necessary to establish a sustained set 
of clearly identified and prioritized technology development goals 

•  The NASA Space Technology Roadmap, drafted by NASA, and reviewed 
and vetted for technology investment identification and prioritization by 
the NRC, will serve NASA as a decadal-like survey, to provide sustained 
technology investment goals.   

10 
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Space Technology Roadmaps  
Technology Area Breakdown Structure 
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http://www.nasa.gov/offices/oct/home/roadmaps/index.html 
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Space Technology Roadmap Process 
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Technology Area Breakdown Structure 



OFFICE OF THE CHIEF TECHNOLOGIST www.nasa.gov/oct 

EXAMPLE - TA01: Launch Propulsion Systems 
Technology Roadmap 
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EXAMPLE - TA03:    Power and Energy Storage Roadmap DRAFT: 
9/13/2010 

>50 MWe, αΤ < 1.0 Space 
Fusion Power/Propulsion 

140 W/kg Passive 
 PEMFC 

80 W/kg Passive CC/
SOFC 

High Density Power w/ 
LCH4/LO2 propulsion 

2 kWe End-to-End 2 kWe Criticals 

> 5  MWe, α < 5.0 
Space Fission 
Power 

Regen. PEM  
>1500 Wh/kg 

High pressure PEM 
Electrolysis 

Cycle 1: 
>300 W/kg PV Array Specific 

Power 
>35% Efficiency 

Cycle 2: 
>500 W/kg 
>40% Efficiency 

Cycle 3: 
>1000 W/kg 

>50% Efficiency 

DC/DC Conversion 
0.2 kg/kW η=90% 

Smart RPC Design 
Flt Qualified 

>300 C Junction Temp 
Semiconductor Device 

Smart Grid Applied to 
Space Algorithms Flt Qual 

>100kW over 400km η = 60% 
Power Beaming (Laser /

Microwave) 

200 Wh/kg 500 Wh/kg 2700 Wh/kg 
via Carbon 
Nanotube 
Fibers 

2 kW non-238Pu 
Deep Space  Power 

~100 MWe Aneutronic 
Reactor 

5 MWe End-to-End 

Space-qualified 
commercial SOA 
semiconductor parts 

Phase 1 Smart Power Bus 

5 W wireless power 
transfer η = 80% 

Phase 2 Smart 
Power Bus 

>Advanced, Low Switching 
Loss Semiconductor 
Devices 

Surface-to-Orbit 
Recharge 
Capability 

Venus Surface 
Mission 

FTD-4 ISS 
Demonstration 

HEO Long Duration 
EVA 

NEO SEP Robotic  
Mission 

NEO SEP/NEP 
Crewed  Mission 

Mars ISRU 
Robotic 
Mission 

Saturn/Titan 
Robotic 
Mission 

Human Mars NEP 
Mission 

2020 Aircraft:  50% fuel 
and CO2 Reduction 

2030 Aircraft:  70% fuel 
and CO2 Reduction 

DC/DC conversion 
0.05 kg/kW η=90% 

High Pressure Solid 
Oxide Electrolysis 

Regen SOFC 
>1500 Wh/kg 

5 MWe Criticals 

Advanced, Locally 
Powered Sensors 

Wireless Micro-
Power Bus 

Micro Stirling 
Power Generator 

Aneutronic Fusion 
Physics Proof 

Advanced Stirling 
Radioisotope Generator 

10 W Radioisotope 
Heat Source 

~100 MWe Aneutronic 
Fusion Power System 

Physics-Based 
Integrated Modeling 

Max Density RFC Storage  

High Mass Density, 
Low Self-discharge 

Storage Max Volumetric 
Density Storage,  

>50 MWe, αP < 1.0 
Space Fusion Power 

Legend:	  
	  	  	  	  	  	  =	  	  	  Interim	  milestone	  

	  	  	  	  	  	  =	  	  	  Technology	  at	  TRL	  6	  

	  	  	  	  	  	  =	  	  	  1st	  Mission	  Poten;al	  

	  	  	  	  	  	  =	  	  	  Missions	  Envisioned	  

	  	  	  	  	  	  =	  	  	  Propulsion	  Integra;on	  
Rapid Response RFC 

Storage 

High Density 
Solar Power  

Max Density 
238Pu Power  

High Density Power w/ 
LH2/LO2 propulsion 

High-g Survivable Power  

High Z-T 
Nanothermoelectri

cs 

Advanced Micro-
Power Bus 

5X Higher Power Density 
Carbon Nanotube 

Supercapacitors 

Nanoengineered 20%-
wt H2 Storage Biofuels for Mars ISRU 

Boron Nitride Nanotube 
Structural Supercapacitors 

“Alternative” Radioisotopes 
and Fission Fuels 

Advanced Power 
Processing Units for 
Electric Prop. 

Ultra High Mass 
Density, Low Self-

Discharge Storage 
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EXAMPLE - TA03: Power Generation: Radioisotope 
Power Systems 

State-of-Practice Systems 
•  SOP Systems:   GPHS RTG, 

MMRTG 
•  Performance Capabilities:  

–  6-8% efficiency,  
–  Specific Power 3-5 W/kg,  
–  Life: > 15 years 

•  Applications:  
–  Outer Planet spacecraft, Mars 

Rovers 
•  Limitations:  Low efficiency and 

heavy 

Advanced Radioisotope Power Systems 
•  Capabilities:  High Efficiency:  > 28%  Specific 

Power:  > 8 We/Kg;  Life > 14 years  
•  Challenges:  High efficiency power conversion 

systems with very long life capability. 
•  Status: SMD is developing advanced RPSs for 

future space science missions.  
•  Potential Space Applications: Outer Planet  

Flagship missions (Up to 1 kWe) &  Rovers, (1 
- 2 kWe)  

Space 
Shuttle 

Enables nuclear powered outer planetary science and Mars rover  

ARTG	  
8	  W/kg,	  10-‐15%	  

ASRG	  
8	  W/kg,	  30%	   TPV	  8	  W/kg,	  15%	  
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Space	  Solar	  
Power	  

High	  AlBtude	  
Wind	  

Advanced	  Nuclear	  &	  
EnergeBcs	  

Geothermal	  

Wave,	  Tidal	  &	  
Ocean	  

Green	  
TransportaBon	  

Efficiency	  &	  Co-‐
GeneraBon	  

EXAMPLE - TA03:  Where NASA Can Make a Difference 
In Green Energy 

NASA	  
ExperBse	  

Terrestrial	  Energy	  
ApplicaBons	  

NASA	  Needs	  

NASA-‐led	  AcBviBes	  and	  Major	  Support	  Areas	  

Solar	  Photovoltaic	  &	  Solar	  
Thermal	  Systems	  

Biofuels	  &	  Biomass	   Green	  AviaBon	   Nuclear	  
Subsystems	  

Energy	  Storage	  &	  
DistribuBon	  

NASA	  Support	  of	  Projects	  Led	  
by	  DOE	  and	  Others	  

NASA	  Leadership	  
Support	  or	  
Monitoring	  

Carbon	  MiBgaBon	  

Wind	   Hydrogen	  
UBlizaBon	  

Supergrids	  

Energy	  ForecasBng	  

Pre-‐decisional	  -‐-‐	  for	  NASA	  internal	  distribuBon	  only	  

OCT	  Dra^	  Roadmap	  Review	  
September	  15-‐16,	  2010	  
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EDL Roadmap 
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EDL Roadmap 
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Entry:  Major Elements 

•  Entry Systems 
–  Major technology advances to the current SOA required 

for several missions, notably high speed Earth return, 
human exploration of Mars, giant planet probes, and high 
reliability systems for human and sample return missions 

–  Significant enhancement to the current SOA possible for 
other missions, including Mars, Venus and Titan 
exploration, crewed and robotic Earth entry, and low cost 
access to space 

•  Aerocapture 
–  No major technology developments identified that 

preclude a flight demonstration at Earth or another planet, 
other than mission-specific requirements shared with 
Entry Systems. 

•  Aerobraking 
–  Established technology at Mars and Venus. Significant 

advances to SOA possible by automating the process 
(less human in the loop), and by development of high-
temperature solar panels. 

20 
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Entry:  Major Technological Challenges 

• Wide range of destination and mission specific 
requirements necessitate a range of parallel 
investments. There is no “one size fits all” solution 

•  Availability and suitability of ground facilities for 
testing and validation (to be discussed later in this 
briefing) 

•  Long term retention of critical EDL-unique skill sets 
(including training the next generation of EDL 
engineers) 

•  Likely requirement for system level validation via 
flight test of many of the considered technologies 

21 

The inability to “test as you fly” in most cases puts 
additional pressure on high fidelity physics-based 
simulation capability as a critical link in ground-to-
flight traceability. Robust investment in improved 
physics-based performance models is critical to 
ensuring system robustness and reliability. 
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Descent:  Key Technology Areas 

•  Attached Deployable Decelerators 
–  Both inflated and mechanically deployed 
–  Adv coatings and textiles 

•  Trailing Deployable Decelerators 
–  Large subsonic parachutes (Mars application) 
–  Adv supersonic parachutes 

•  Supersonic Retropropulsion 
–  Flowfield modulation 
–  Deep throttle, high-thrust propulsion  

•  GN&C Sensors 
–  Adv triggers for staging 
–  On board atmosphere/wind sensing 
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Landing:  Key Technology Areas 

•  Surface sensing 
–  Terrain tracking 
–  Hazard location determination 

•  Descent propulsion 
–  Deeply-throttled efficient rocket motors (TA-02) 
–  Plume-surface interaction mitigation and modeling 

•  Touchdown systems 
–  Energy absorption 
–  Stability 
–  High-G survivable systems 
–  Egress and deployment systems 

•  Small body guidance 
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Vehicle Systems Technology 

•  Successful EDL capabilities require comprehensive and integrated technology 
solutions at the component, sub-system and system level 
–  Significant technology development challenges will exist for new EDL staging/

separation systems and vehicle level integration of individual technological 
capabilities 

–  EDL on atmospheric bodies is significantly impacted by knowledge and 
characterization of atmospheric profile variations and persistence 

•  Technology Area Separated into Three Categories 
–  Separation Systems 
–  Vehicle Technology 
–  Atmospheric Modeling and Surface Characterization 
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NASA Space Technology:  
Part of a Broader National Strategy 
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•  Technological leadership is the “Space Race” of the 21st Century: Space Technology is 
the central NASA contribution to revitalize research, technology and innovation for the Nation 

•  Enabling Our Future in Space:  Invest in high payoff, disruptive technology that industry 
cannot tackle today, to support NASA science and exploration while providing capabilities 
and lowering the cost of other government agencies and commercial space activities 

•  NASA at the Cutting Edge:  Pushing the boundaries of aeroscience and taking informed-
risk, Space Technology keeps NASA and our Nation at the cutting-edge 

•  Engage Innovators across the Nation: Select development teams across academia, 
industry, and the NASA Centers based on technical merit.  

•  Investments in our Future: In FY 2012, the President’s Budget Request for Space 
Technology is approximately 5% of the President’s $18.7B request for NASA. 

•  NASA makes a difference in our lives everyday: In addition to providing a more vital and 
productive aerospace future, by investing in Space Technology, NASA will continue to make 
a difference in our lives everyday. 


